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(54) Title: PROCESS AND APPARATUS FOR MANUFACTURING A GLASS INGOT FROM SYNTHETIC SILICA 
(57) Abstract 


A method and apparatus for the manu- 
facture of synthetic vitreous silica ingots in- 
volves the production of a melt of synthetic 
vitreous silica in a crucible (35) within a re- 
fractory furnace (31), and the continuous with- 
drawal of an ingot (43) through an orifice (40) 
in the wall of the crucible. The silica may be 
deposited in the crucible by a synthesis burner 
(33), which may also serve to maintain the sil- 
ica above its sintering temperature. The emerg- 
ing ingot is supported by an arrangement of 
moveable clamps (44). 
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^ t ^f^j^' CLAIMS 


0* 

1. A method of forming a shaped body of synthetic 
vitreous silica glass, including the steps of generating a 
mass of molten vitreous silica contained in a refractory 
container, part of the boundary of which defines a shaping 
orifice, and removing the generated synthetic silica from the 
container through the orifice as a shaped ingot. 

2. A method according to claim 1, wherein the shaping 
orifice is located at the lowest part of the mass in the 
refractory container and the removal involves positively 
withdrawing the ingot from below. 

3. A method according to claim 2, wherein synthetic 
silica is added to the mass at a rate substantially similar 
to that at which the ingot is withdrawn . 

5 4. A method according to claim I, 2 or 3, wherein the 

synthetic silica is deposited into the refractory container 
from a synthesis burner, the burner also serving to heat the 
melt so that the silica sinters directly to glass in the mass. 

0 5 . A furnace for the manufacture of a synthetic 

vitreous silica ingot, the furnace comprising: a furnace 
enclosure housing a refractory container, the refractory 
container adapted to hold a melt of synthetic vitreous silica; 
one or more burners extending into the furnace enclosure and 

5 adapted in operation to maintain vitreous silica within said 
container at or above its sintering temperature; a die 
disposed within a wall of said container, the die including 
an orifice through which the glass ingot is extruded; and an 
arrangement of moveable clamps downstream of the orifice, 

0 adapted to support the extruded ingot . 


6. A furnace according to claim 5, wherein at least one 
burner is a synthesis burner adapted both to deposit synthetic 
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vitreous silica into the refractory container and to assist 
in maintaining the silica above its sintering temperature. 

7. A furnace according to claim 5 or claim 6, wherein 
the refractory container with its die, the ingot and the 

5 arrangement of clamps can be rotated synchronously to provide 
a deposited glass of improved homogeneity. 

8. A furnace according to any of claims 5 to 7, wherein 
the refractory container with its die, the ingot and the 
arrangement of clamps can be moved to and fro horizontally to 

0 permit spreading of the pattern of deposited glass from the 
one or more burners . 

9. A furnace according to any of claims 5 to 7, wherein 
the refractory container with its die, the ingot and the 
arrangement of clamps can be moved in orthogonally disposed 

.5 x- and y- directions, to permit spreading of the pattern of 
deposited glass from the one or more burners. 

10. A furnace according to any of claims 5 to 7, wherein 
spreading of the pattern of deposited silica is achieved by 
horizontal movement: of the burner array and/or the refractory 

10 container. 
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15th August 2000 


Dear Sirs 

International Patent Application PCT/GB99/02278 
in the name of TSL Group pic 

This is in response to the Written Opinion dated 17th April 2000. 

Filed herewith in triplicate is a new set of claims to replace 
all of the claims currently on file. New claim 1 is based on 
previous claim 5 and new claim 7 is based on previous claim 1 . 
Support for the wording newly introduced into the independent 
claims may be found in original claims 3 and 6 and in the 
paragraph running between lines 21 and 31 on page 4 of the 
description . 

As will be seen from the introductory portion of the 
specification (see for example page 4, lines 5 to 9) , the aim of 
the invention is to provide a continuous process for the 
manufacture of synthetic vitreous silica glass. In particular, 
the invention is concerned with the production of glass having 
high optical quality and ultra high purity (in the sense of 
having an almost complete absence of unwanted impurities) such 
as is required for use, for example, in the optical, optical 
fibre, and semi-conductor industries. D2 is also concerned with 
the production of synthetic vitreous silica of this type, 
although it does not provide a continuous process. 

Dl is not concerned with the production of glass of such ultra- 
high purity, but instead relates to glass of a significantly 
lesser (although still high) degree of purity, for example for 
use as integrated circuit sealants, fire-resistant materials, 
high strength glass, moulds for lost-wax processes, catalysts and 
cosmetics. For these applications the precise dimensions of the 
ingot, the homegeneity, optical quality, freedom from bubbles and 
inclusions etc are irrelevant, as the product rod is intended to 
be crushed to powder before use. In contrast, tl\e glasses 
manufactured by means of the present invention are required to 
be of well-defined shape and dimensions, of high optical quality, 
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and of a purity of at least an order of magnitude greater than 
those of Dl . As will be shown in more detail below, Dl 
essentially relates to a completely different industry from that 
of the present invention. 

In view of the Examiner's comments, the independent claims have 
been re-cast in order to make it clearer how the invention is 
distinguished from the cited art. As a result, the claims are 
now restricted to the provision of at least one silica synthesis 
burner in the furnace chamber, which serves to deposit high 
purity synthetic vitreous silica by vapour deposition into the 
refractory container. The deposition arrangement may be similar 
to that depicted in D2 , but the apparatus and method are clearly 
quite different from that of D2 in that they provide for the 
continuous production of ingot drawn from a die in the container 
wall or base. 

Although D2 enables a highly pure disc- shaped ingot to be 
manufactured, the method suffers from the disadvantage that, if 
one wishes to produce an ingot having (say) a square cross 
section, it is necessary to cut or otherwise to machine the 
required shape from the disc-shaped ingot. This is a costly and 
wasteful process and at best yields only short lengths of the 
appropriately shaped product. Likewise, to produce rods of 
circular cross-section, these need to be cored (or "trepanned") 
from the mother ingot, again with significant wastage. The only 
alternative to cutting or machining is to re-heat the ingot in 
a mould. Above all, the D2 apparatus must necessarily be 
operated as a batch method, it being quite impossible to produce 
an ingot or rod of indeterminate length e.g. a long ingot of high 
aspect ratio. 

D2 probably quite accurately reflects the closest state of the 
art at the priority date of the application; indeed, it is upon 
a process of this type that the inventors set out to improve . 
The Examiner nevertheless chooses to regard another document (Dl) 
as representing the closest prior art. It is understandable why 
he has done so, since the figures accompanying the document seem 
to illustrate apparatus which is superficially similar to that 
of the application, but the Examiner (and the search Examiner 
before him) have apparently been hampered by the fact that they 
have only had access to the abstract of the document. In order 
to access its contents fully, the applicants have obtained an 
English translation of the full specification, and we enclose a 
copy herewith for the Examiner's information. 

Dl relates to a process for manufacturing a silica rod which is 
then crushed to a powder for use in various « different 
applications. Silica is melted in a refractory container and the 
rod withdrawn through a die. In the apparatus used by the 
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authors of Dl it is apparent that there is a problem of possible 
adhesion of refractory brick to the outer surface of the rod, as 
well as the possible inclusion of unmelted silica in the fused 
rod. These problems are addressed by carefully controlling the 
rate at which the rod is withdrawn, so as to keep its surface 
temperature constant. Whether or not the measures proposed are 
sufficient to solve these problems is immaterial since it is 
apparent from the nature of the problems themselves that Dl 
relates to the very different technical field from that of the 
present invention. Dl relates to the production of silica powder 
free from contamination by die-brick refractory materials and 
from unmelted (crystalline) materials. These are extremely basic 
requirements and are as nothing compared to the highly stringent 
requirements for manufacturing substantial ingots of high quality 
glass for optical, optical fibre, semi-conductor or photomask 
applications, for which it is well known that a supreme optical 
quality is essential. Any conceivable possibility of inclusion 
of unfused silica or particles of refractory material is 
completely unacceptable. Even though it is acknowledged that Dl 
sets out to avoid these problems, the mere possibility that such 
contamination might occur, even at a much reduced level, 
indicates quite clearly to the skilled man that the apparatus and 
method of Dl are totally unsuited for use in the manufacture of 
ulta high purity glass according to the intention. In reality 
Dl relates to a completely different field. 

Dl is silent as to what type of silica is supplied to the furnace 
and as to how it is supplied. Guidance, however, can be found 
in other Japanese patent documents in the name of the same 
proprietor (NKK Corp.), which appear to be in the same "series" 
of patents as Dl . Three of the other patents in the series were 
mentioned in the international search report (JP-64-3027, JP-64- 
3028 and JP-1-9823) and a further such patent is JP-63 -288906 . 
All of these documents are dated between November 198 8 and 
January 1989, and there is also an earlier document (JP-61- 
178415) dating from August 1986. English translations of the 
1988/1989 documents are enclosed herewith together with an 
abstract of the 1986 document. Clearly, as these all emanate 
from the same company and all relate to the same general subject 
matter, if the skilled man became aware of any of them, he would 
automatically be led to the others. It is therefore reasonable 
to read them together. 

JP-63-288906 relates to a process of melting quartz sand or 
quartzite in a furnace built from Zirconia bricks. The melt is 
withdrawn in the form of a rod through a hole in the base of the 
furnace, and as the surface tends to be contaminated with 
zirconia from the furnace walls, the rod is cooled by water 
sprays which causes the surface layer to crack and fall off. 
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There is no indication that an ultra high purity bubble- free 
transparent product is produced (as is produced in the present 
invention) and it seems likely that the rod is destined, after 
surface cleaning, to be pulverised to fine powder as in Dl . 

Similarly to Dl, JP-64-3027 is concerned with controlling the 
melt level in a furnace used for producing a fused silica rod 
intended to be crushed to powder. This patent addresses 
essentially the same problems as those which are addressed by Dl, 
namely the problems which stem from withdrawing the rod either 
too fast or too slowly and the consequent need to manage the melt 
level carefully. While Dl proposes to monitor the temperature 
of the emerging rod, JP-64-3027 opts to monitor the melt level 
with a microwave device or TV camera. This patent and Dl were 
filed within three days of each other and name the same two 
inventors. It seems likely, therefore, that the proprietors 
regarded the different methods as alternatives for use in the 
same type of process. Significantly, JP-64-3027 goes into a 
little more detail than Dl as to the source of silica in the 
furnace, making it clear that this is supplied as "silica stone" 
or "silica sand" (see page 3, line 5 of the English translation) . 
The skilled man would realise that flame fusion of silica stone 
and sand would generate a melt so full of microbubbles that the 
resultant product would appear opaque. While this would have no 
particular disadvantage for a rod destined to be pulverised, it 
is immediately apparent that the method is totally unsuited for 
manufacturing glass of high optical quality. 

JP-64-3028 is also specifically concerned with the heating of 
quartz grain to produce a fused silica rod for subsequent 
pulverisation, the patent being specifically directed to the pre- 
heating of the grain by furnace exhaust gases as a means of 
improving thermal efficiency. Similarly, JP- 64- 9823 proposes to 
pre-heat the combustion gases fed to the burner used for melting 
the silica particles. 

Thus, this whole family of patents, including Dl, all relate to 
a process for melting silica sand or quartzite to give a rod of 
fused silica in which contamination of the outer surface is 
minimised or from which the contaminated outer layers are 
eliminated and the inner material converted to crushed silicic 
acid powder. The patents are concerned with the removal of 
refractory particles and the avoidance of unfused silica, but 
there is no mention of the uniformity or bubble content of the 
resultant rod and certainly no suggestion that the process is 
suitable for manufacturing substantial glass ingots of high 
purity, regular shape and low bubble content as required by the 
present invention. There is also no indication that any 
acceptable visual quality can be achieved. Finally, there is no 
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suggestion in any of the patents of the possibility of using any 
feedstock other than silica stone or sand, and no hint whatever 
of the possibility of replacing such feedstocks with high purity 
silica provided by vapour deposition. Indeed, the process of the 
invention is so very different in its applications and purity 
requirements that it would be surprising if the man skilled at 
manufacturing high quality optical glass would have considered 
any of the Dl family of patents as a suitable starting point for 
the large scale manufacture of optical quality ingots of well- 
defined shape, given that the patents relate to processes for 
manufacturing silica rods which may need to be decontaminated 
before being crushed to powder. 

Even if the skilled man were to ignore or overlook the underlying 
differences in objective between the Dl family of patents and the 
present invention, and to seek a way of improving the purity of 
the silica rods produced by the Dl-type process, it seems likely 
that he would seek to achieve this by employing a higher purity 
feedstock such as synthetic silica powder. However, the Dl 
patents would give the skilled man no guidance as to the chemical 
or visual quality of the product he might thus obtain, and there 
is no guidance as to how he might find an economically viable 
source of powder of appropriate purity to feed the furnace. The 
present invention seeks to avoid the need to manufacture an 
expensive synthetic silica powder and to avoid the difficulty of 
maintaining such a powder in an uncontaminated state. This is 
achieved by employing a very different type of burner from that 
appearing in the Dl patents, namely a synthesis burner fed with 
a volatile silica precursor which is converted to silica 
microparticles in the flame. This provides major technical and 
economical advantages compared to employment of a synthetic 
silica powder. In short, the Dl patents provide no teaching of 
the use of a synthetic powder; even less do they provide any hint 
of the direct deposition of synthetic silica from a synthesis 
burner. 

The Examiner goes on to suggest, in the alternative, that it 
would be obvious to modify the D2 apparatus in order to achieve 
the furnace of the invention. In particular, he suggests that 
the skilled man would be led inevitably to replace the rotating 
shaft of the D2 apparatus with a hollow tube through which a rod 
of glass might be drawn. This seems an extraordinary contention, 
given that there is no suggestion whatever in D2 of such a 
possible modification, and indeed D2 expressly relates solely to 
batch processes and not to processes for continuous production. 
As noted above, the D2 process can only produce disc- shaped 
ingots, which then need to be machined to their required size and 
shape. There is no evidence whatever that the authors of D2 
envisaged any process in which a rod or ingot could be 
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continuously drawn from the furnace and no reason to suppose that 
the uninventive skilled man would be led to consider such a gross 
departure from the express teaching of the patent. Indeed, the 
present applicants are not aware that the proprietors of D2 
(Corning Inc) or indeed any other company have ever attempted a 
process as currently claimed. 

Finally, I should point out for completeness that there is no 
sensible way in which the teachings of Dl and D2 can be combined, 
either to arrive at the present invention, or at all. The two 
sources relate to totally different areas of the glass making 
industry, D2 to the production of ultra high purity optical grade 
glass and Dl to the production of silica powder for use in a 
range of applications for which purity demands are not so 
stringent. The man skilled in the art would simply not seek to 
combine these disclosures and even if he did there is no reason 
to suppose that he would be led to either the apparatus or the 
method currently claimed. I therefore request that the 
objections under Art 33(3) PCT be withdrawn and a favourable 
international preliminary examination report issued in respect 
of all of the present claims. 

The applicants do not intend to address the matters raised by the 
Examiner under "item VII" during the international phase. In 
respect of "item VIII" I point out that the source of silica to 
the furnace is now expressly set out in both independent claims, 
thus circumventing the objection under Art 6 PCT. 
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response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1-12 as originally filed 

Claims, No.: 

1 _ 9 as received on 1 8/08/2000 with letter of 1 5/08/2000 

Drawings, sheets: 

1 /4-4/4 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-9 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1 -9 

Industrial applicability (IA) Yes: Claims 1-9 

No: Claims 


2. Citations and explanations 
see separate sheet 


VII. Certain defects in the international application 

The following detects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1.1 The furnace of claim 1 differs from the furnace explicitly disclosed in JP-A-63- 
319220 (NKK CORP.)(D1) and its translation (DV) by the features defined in the 
characterizing portion of claim 1 , by which features a synthetic vitreous silica 
glass ingot can be manufactured continuously. However, as also the ingot or silica 
rod manufactured by the furnace disclosed in DV is manufactured continuously 
(see page 2, line 3 of DV) and hereby the drawing rate and the melt surface 
height are kept constant (see page 4, lines 1 to 3 of DV) it is implicitly known from 
D1 that the arrangement is such as to permit continuous withdrawal of silica as 
ingot at a rate substantially similar to that at which silica is deposited on the melt. 

1 .2 Therefore the furnace of claim 1 only differs from the furnace disclosed in D1 in 
that silica soot is deposited onto the melt instead of natural silica and in that this 
silica soot is formed in situ by means of at least one synthesis burner. 

1.3 However, starting from D1 it will be obvious to a person skilled in the art who 
wants to provide a very high purity vitreous silica glass ingot to use silica soot as 
raw material provided to the furnace or, as suggested by WO-A1-97/10183 (D2; 
see page 1, line 27 to 30 and figure 1) to form this silica soot in situ by providing at 
least one synthesis burner in the furnace, this as it is well known in the art that 
highest grade vitreous silica products are made by vapour deposition. 

1 .4 The furnace disclosed in D1 is also suitable for the manufacture of synthetic 
vitreous silica glass, the furnace of claim 1 having, except from the feature 
indicated in paragraph 1 .2 above, the same features as the one disclosed in D1 . 

1 .5 Therefore it appears to be obvious to a person skilled in the art, starting from the 
disclosure of D1 , to arrive at the furnace of claim 1 , so that this furnace does not 
appear to involve an inventive step and claim 1 does not appear to meet the 
requirements of Article 33(3) PCT. 

2. Also in applying the teaching of D1 to a state of the art furnace as depicted in 
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figure 2 of the application (shown e.g. in figure 1 of WO-A1-97/10183 (D2)) a 
person skilled in the art would arrive at the furnace of claim 1, simply by using 
instead of the rod supporting the container depicted in this figure 2 a tube of which 
the bore extends into the container, thus providing a die through which the glass 
ingot can be extruded, and by providing moveable support means downstream of 
the die, the obvious advantage of such furnace being the fact that a rod of highly 
pure vitreous silica glass, having the outer dimension of the bore, can be formed 
continuously as in D1. 

3. In claim 2 the moveable support means are more closely defined as comprising 
an arrangement of moveable clamps. As this feature is known from D1 (see page 
4, lines 10 to 12 of D1' and figure 1) claim 2, in combination with claim 1, also 
does not appear to meet the requirements of Article 33(3) PCT. 

4. The features defined in claims 3 to 5 are either known from D2 (claims 7 to 9) or 
suggested by the combination of D1 and D2, and the features defined in claim 6 
just represent an inversion of movement in relation to the disclosure of D2. 

Therefore these claims also do not appear to meet the requirements of Article 
33(3) PCT. 

5.1 The method of claim 7 differs from the method explicitly disclosed in D1 in that the 
shaped body is formed of synthetic vitreous silica glass, and by the features 
defined in the characterizing portion of this claim. 

5.2 However, for the reasons given in paragraph 1.1 above, it is also disclosed in D1 
that the silica raw material is deposited at the same rate at which silica is 
withdrawn as ingot through the shaping orifice. 

5.3 Therefore the method of claim 7 only differs from the method disclosed in D1 in 
that synthetic silica glass soot is deposited onto the melt, which synthetic silica 
glass soot is formed in situ by at least one synthesis burner. 

5.4 This is however already suggested by D2 (see paragraph 1 .3 above), and it is well 
known in the art that thereby silica glass of the highest purity can be obtained. The 
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skilled person who wants to manufacture a very high purity silica glass rod will 
therefore certainly provide at least one synthesis burner in the furnace known 
from D1 and thus arrive at the method of claim 7. Consequently, the method of 
claim 7 does not appear to involve an inventive step so that this claim also does 
not appear to meet the requirements of Article 33(3) PCT. 

6 The features defined in claims 8 and 9 are either disclosed in D1 or D2. Therefore 
also claims 8 and 9 do not appear to meet the requirements of Article 33(3) PCT. 

Re Item VII 

Certain defects in the international application 

1 . The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

2. Documents reflecting the prior art described in relation to figures 1 and 2 are not 
identified in the description (Rule 5.1(a)(ii) PCT). 

3. The moveable support means indicated in claim 1 are a generalisation of the 
arrangement of moveable clamps defined in claim 1 as originally filed, providing 
protection for moveable support means other than the arrangement of moveable 
clamps, not disclosed in the application as originally filed. Therefore the 
requirements of Article 34(2)(b) PCT are not met. 
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I. Basis of the report 

1 This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
' response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 


Description, pages: 

1-12 as originally filed 


Claims, No. 
1-9 


as received on 


1 8/08/2000 with letter of 


15/08/2000 


Drawings, sheets: 

1/4-4/4 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 


4. Additional observations, if necessary: 
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V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
' applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-9 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-9 

Industrial applicability (IA) Yes: Claims 1-9 

No: Claims 


2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1.1 The furnace of claim 1 differs from the furnace explicitly disclosed in JP-A-63- 
319220 (NKK CORP.)(D1) and its translation (DV) by the features defined in the 
characterizing portion of claim 1 , by which features a synthetic vitreous silica 
glass ingot can be manufactured continuously. However, as also the ingot or silica 
rod manufactured by the furnace disclosed in DV is manufactured continuously 
(see page 2, line 3 of D1") and hereby the drawing rate and the melt surface 
height are kept constant (see page 4, lines 1 to 3 of DV) it is implicitly known from 
D1 that the arrangement is such as to permit continuous withdrawal of silica as 
ingot at a rate substantially similar to that at which silica is deposited on the melt. 

1 .2 Therefore the furnace of claim 1 only differs from the furnace disclosed in D1 in 
that silica soot is deposited onto the melt instead of natural silica and in that this 
silica soot is formed in situ by means of at least one synthesis burner. 

1 .3 However, starting from D1 it will be obvious to a person skilled in the art who 
wants to provide a very high purity vitreous silica glass ingot to use silica soot as 
raw material provided to the furnace or, as suggested by WO-A1-97/10183 (D2; 
see page 1, line 27 to 30 and figure 1) to form this silica soot in situ by providing at 
least one synthesis burner in the furnace, this as it is well known in the art that 
highest grade vitreous silica products are made by vapour deposition. 

1 .4 The furnace disclosed in D1 is also suitable for the manufacture of synthetic 
vitreous silica glass, the furnace of claim 1 having, except from the feature 
indicated in paragraph 1.2 above, the same features as the one disclosed in D1. 

1 .5 Therefore it appears to be obvious to a person skilled in the art, starting from the 
disclosure of D1 , to arrive at the furnace of claim 1 , so that this furnace does not 
appear to involve an inventive step and claim 1 does not appear to meet the 
requirements of Article 33(3) PCT. 

2. Also in applying the teaching of D1 to a state of the art furnace as depicted in 
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figure 2 of the application (shown e.g. in figure 1 of WO-A1-97/10183 (D2)) a 
person skilled in the art would arrive at the furnace of claim 1, simply by using 
instead of the rod supporting the container depicted in this figure 2 a tube of which 
the bore extends into the container, thus providing a die through which the glass 
ingot can be extruded, and by providing moveable support means downstream of 
the die, the obvious advantage of such furnace being the fact that a rod of highly 
pure vitreous silica glass, having the outer dimension of the bore, can be formed 
continuously as in D1. 

3. In claim 2 the moveable support means are more closely defined as comprising 
an arrangement of moveable clamps. As this feature is known from D1 (see page 
4, lines 10 to 12 of D1' and figure 1) claim 2, in combination with claim 1, also 
does not appear to meet the requirements of Article 33(3) PCT. 

4. The features defined in claims 3 to 5 are either known from D2 (claims 7 to 9) or 
suggested by the combination of D1 and D2, and the features defined in claim 6 
just represent an inversion of movement in relation to the disclosure of D2. 

Therefore these claims also do not appear to meet the requirements of Article 
33(3) PCT. 

5.1 The method of claim 7 differs from the method explicitly disclosed in D1 in that the 
shaped body is formed of synthetic vitreous silica glass, and by the features 
defined in the characterizing portion of this claim. 

5.2 However, for the reasons given in paragraph 1.1 above, it is also disclosed in D1 
that the silica raw material is deposited at the same rate at which silica is 
withdrawn as ingot through the shaping orifice. 

5.3 Therefore the method of claim 7 only differs from the method disclosed in D1 in 
that synthetic silica glass soot is deposited onto the melt, which synthetic silica 
glass soot is formed in situ by at least one synthesis burner. 

5.4 This is however already suggested by D2 (see paragraph 1.3 above), and it is wel||g|^ 
known in the art that thereby silica glass of the highest purity can be obtained.^The^gg; 
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skilled person who wants to manufacture a very high purity silica glass rod will 
therefore certainly provide at least one synthesis burner in the furnace known 
from D1 and thus arrive at the method of claim 7. Consequently, the method of 
claim 7 does not appear to involve an inventive step so that this claim also does 
not appear to meet the requirements of Article 33(3) PCT. 

6 The features defined in claims 8 and 9 are either disclosed in D1 or D2. Therefore 
also claims 8 and 9 do not appear to meet the requirements of Article 33(3) PCT. 

Re Item VII 

Certain defects in the international application 

1. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

2. Documents reflecting the prior art described in relation to figures 1 and 2 are not 
identified in the description (Rule 5.1(a)(ii) PCT). 

3. The moveable support means indicated in claim 1 are a generalisation of the 
arrangement of moveable clamps defined in claim 1 as originally filed, providing 
protection for moveable support means other than the arrangement of moveable 
clamps, not disclosed in the application as originally filed. Therefore the 
requirements of Article 34(2)(b) PCT are not met. 


Form PCT/Separat9 Sheet/409 (Sheet 3) (EPO-April 1997) 


- 13 - 
CLAIMS 

1. 


A furnace for the manufacture of synthetic 
vitreous silica ingot, the furnace comprising: a furnace 
enclosure housing a refractory container, the container 
being adapted to hold a melt of synthetic vitreous silica; 
5 a die disposed within a wall or base of the container, the 
die including an orifice through which the glass ingot is 
extruded; moveable support means downstream of the orifice, 
adapted to support and facilitate withdrawal of the ingot; 
and one or more burners adapted to maintain the silica above 
10 its sintering temperature; characterised in that at least 
one burner is a synthesis burner, such burner (s) being 
provided with associated means for the supply of silica 
precursor and combustion gases and being adapted to deposit 
synthetic vitreous silica by vapour deposition on to the 
15 surface of the melt, the arrangement being such as to permit 
continuous withdrawal of silica as ingot at a rate 
substantially similar to that at which silica is deposited 
by the synthesis burner (s) . 

2 A furnace according to claim 1, wherein the 
20 moveable support means comprises an arrangement of moveable 

clamps . 

3 a furnace according to claim 2, wherein the 
refractory container with its die, the ingot and the 
arrangment of clamps can be rotated synchronously to provide 

25 a deposited glass of improved homogeneity. 

4 A furnace according to claim 2 or claim 3, 
wherein the refractory container with its die, the ingot and 
the arrangement of clamps can be' moved to and fro 
horizontally to permit spreading of the pattern of deposited 

30 glass from the burner (s) . 
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5 A furnace according to claim 2 or claim 3 

v, the refractory container with its die, the ingot and 

wherein the « £ ~ c * or ^ can fae moved in orthogonally 

the arrangement of clamps can 
S disposed x- and y- directions, to permxt «*»»*"*°f Che 
pattern of deposited glass from the one or .ore burners. 

S a furnace according to claim 2 or claim 3 , . 

wherein spreading of the pattern of deposited silica xs 
achieved by movement of the burner or burner array and/or of 
10 the refractory container. 

, a method of forming a shaped body of 

synthetic vitreous silica including the steps of: grating 
a melt of synthetic vitreous silica contaxned » a 
refrtc ory container, part of the boundary of which defines 
X5 a hap ng^orifice, maintaining the melt in a molten state by 
Lattng with one or more burners.- and removing the ^generated 
synthetic vitreous silica thro h the o x f as a^ shaped 
incrot- characterised m that at lease u 
ynfhesis burner, and the silica is depositee I <r« , such 
20 ^thesis burner (s, in such a manner that 

Ilica can be deposited at a rate substantially sxmxlar to 
tnat aHhxch silica is withdrawn as ingot through the 
shaping orifice. 

8 A method according to claim 7, wherein the 

» shaping orifice is located at the lowest part of the mass xn 
tne rlf rectory container and the removal involves posxtxvely 
withdrawing the ingot from below. 

o A method according to claim 7 or claim 8, 

wherein the synthesis bumer(s, serves to hea,: the ^urface 
30 of the melt so that the deposited sxlxca sxnters dxrectly 
glass . 
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I. Basis of the opinion 

1 . This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Article 14 are referred to in this opinion as "originaiiy fifed".): 

Description, pages: 

1-12 as originally filed 

Claims, No.: 

1-10 as originally filed 

Drawings, sheets: 

1/4-4/4 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. This opinion has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 


V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 
Inventive step (IS) Claims 1-10 

Industrial applicability (IA) Claims 

2. Citations and explanations 
see separate sheet 
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VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 . The method of claim 1 only differs from the method explicitly disclosed in PATENT 
ABSTRACTS OF JAPAN vol. 13, no. 169, 21 April 1989 (1989-04-21) & JP 63 
319220 A (NKK CORP.), 27 December 1988 (1988-12-27) (D1) in that the 
vitreous silica glass is a synthetic vitreous silica glass and in that the container is 
a refractory container. However, as the word refractory has the meanings 
"difficult of fusion" and "fire resistant" it apparently has to be interpreted as only 
meaning that it is resistant to the temperatures needed for fusion of the silica 
material, which characteristic the container shown in D1 also must have, so that 
the second difference indicated above is in fact implicitly disclosed in D1. 

It also appears to be obvious to a person skilled in the art that in the method 
shown in D1 silica material has to be added to the furnace in some way, as 
otherwise no such a long rod (5) could be formed in this process, and that, if a 
very high purity silica rod, the silica added to the furnace should be synthetic 
silica. 

Therefore it appears to be obvious to a person skilled in the art, starting from the 
disclosure of D1 , to arrive at the method of claim 1 , so that this method does not 
appear to involve an inventive step and claim 1 does not appear to meet the 
requirements of Article 33(3) PCT. 

2. Also in applying the teaching of D1 to a state of the art method as depicted in 
figure 2 of the application (shown e.g. in figure 1 of WO-A1-97/10183 (D2)) a 
person skilled in the art would arrive at the method of claim 1 , simply by using 
instead of the rod supporting the container depicted in this figure 2 a tube of which 
the bore extends into the container, the obvious advantage of such method being 
the fact that a rod, having the outer dimension of the bore, can be formed 
continuously as in D1. 

3. The features defined in claims 2 to 4 are either disclosed in D1 or D2, or trivial 
(claim 3). Therefore also claims 2 to 4 do not appear to meet the requirements of 
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Article 33(3) PCT. 

The furnace of claim 5 differs from the furnace depicted in figure 1 of D2 in that a 
die is disposed within a wall of the container, the die including an orifice through 
which the silica glass is extruded as a shaped ingot, in that an arrangement of 
moveable clamps is provided downstream of the orifice adapted to support the 
extruded ingot and in that the burners are adapted to maintain the vitreous silica 
within the container at or above the sintering temperature. 

In applying the teaching of D1 to this known furnace, this in order to get a furnace 
which makes the continuous production of synthetic vitreous silica rods possible, 
the skilled person would arrive at a furnace from which the furnace according to 
claim 5 only differs by the provision of a die comprising the opening. However, the 
use of such a die appears to be obvious to a person skilled in the art as, by 
exchanging such a die for another die with a differently shaped opening, rods or 
ingots of different shapes can be formed. Hereby it should be noted that the use 
of such different dies for getting differently shaped extrusion products is well 
known in the art of extrusion forming (see also the PCT International Preliminary 
Examination Guidelines, C IV, 8.6). 

Consequently, also the furnace of claim 5 does not appear to involve an inventive 
step, so that also this claim does not appear to meet the requirements of Article 
33(3) PCT. 

The features defined in claims 6 to 9 are either known from D2 (claims 7 to 9) or 
suggested by the combination of D1 and D2, and the features defined in claim 10 
just represent an inversion of movement in relation to the disclosure of D2. 
Therefore these claims also do not appear to meet the requirements of Article 
33(3) PCT. 


Re Item VII 

Certain defects in the international application 

1 . The features of the claims are not provided with reference signs placed i 
parentheses (Rule 6.2(b) PCT). 
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2. Documents reflecting the prior art described in relation to figures 1 and 2 are not 
identified in the description (Rule 5.1(a)(ii) PCT). 

Re Item VIII 

Certain observations on the international application 

1 . As no means are provided for adding synthetic silica to the container the furnace 
according to claim 5 is not suitable for continuous production of a synthetic 
vitreous silica ingot, so that the object of the invention is not achieved by this 
furnace, contrary to the requirements of Article 6 PCT (see the PCT International 
Preliminary Examination Guidelines, C III, 4.3 and 4.4). 
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CLAIMS 


x a furnace for the manufacture of synthetic 

vitreous silica ingot, the furnace comprising: a furnace 
enclosure housing a refractory container, the container 
being adapted to hold a melt of synthetic vitreous silica; 

5 a die disposed within a wall or base of the container, the 
die including an orifice through which the glass ingot is 
extruded; moveable support means downstream of the orifice, 
adapted to support and facilitate withdrawal of the ingot; 
and one or more burners adapted to maintain the silica above 
10 its sintering temperature; characterised in that at least 
one burner is a synthesis burner, such burner (s) being 
provided with associated means for the supply of silica 
precursor and combustion gases and being adapted to deposit 
synthetic vitreous silica by vapour deposition on to the 

15 surface of the melt, the arrangement being such as to permit 
continuous withdrawal of silica as ingot at a rate 
substantially similar to that at which silica is deposited 
by the synthesis burner (s) . 

2 . a furnace according to claim 1, wherein the 
20 moveable support means comprises an arrangement of moveable 

clamps . 

3 . a furnace according to claim 2, wherein the 
refractory container with its die, the ingot and the 
arrangment of clamps can be rotated synchronously to provide 

25 a deposited glass of improved homogeneity. 

4> a furnace according to claim 2 or claim 3, 

wherein the refractory container with its die, the ingot and 
the arrangement of clamps can be moved to and fro 
horizontally to permit spreading of the pattern of deposited 
30 glass from the burner (s) . 
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5 . A furnace according to claim 2 or claim 3 
wherein the refractory container with its die, the ingot and 
the arrangement of clamps can be moved in orthogonally 

5 disposed x- and y- directions, to permit spreading of the 
pattern of deposited glass from the one or more burners. 

6 . A furnace according to claim 2 or claim 3 , 
wherein spreading of the pattern of doposited silica is 
achieved by movement of the burner or burner array and/or of 

10 the refractory container. 

7 . A method of forming a shaped body of 
synthetic vitreous silica including the steps of: generating 
a melt of synthetic vitreous silica contained in a 
refractory container, part of the boundary of which defines 

15 a shaping orifice; maintaining the melt in a molten state by 
heating with one or more burners,* and removing the generated 
synthetic vitreous silica through the orifice as a shaped 
ingot; characterised in that at least one burner is a 
synthesis burner, and the silica is deposited from such 

20 synthesis burner (s) in such a manner that synthetic vitreous 
silica can be deposited at a rate substantially similar to 
that at which silica is withdrawn as ingot through the 
shaping orifice. 

8. A method according to claim 7, wherein the 
25 shaping orifice is located at the lowest part of the mass in 

the refractory container and the removal involves positively 
withdrawing the ingot from below. 

9. A method according to claim 7 or claim 8, 
wherein the synthesis burner (s) serves to heat the surface 

30 of the melt so that the deposited silica sinters directly to 
glass . 


